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NATIONALADVISORYCOMMITTEEFORAERONAUTICS

REE!XARCHMEMORANDUM

FREE-FLIG~INVESTIGATIONTODETERMINEFORCEANDHINGE-

MCNMENTCHARACTERISTICSAT ZEROANGIEOFATTACKOF
.=.

A 60°sWEpTBAcKHALF-DELTATIPCONTROLON ...”

A 60° SWEPTBACKDELTAWING“ATMACH

NUMBERS

By CcWilliamMsztz,

BETWEEN0.68 AND 1.44

JamesD. Church,andJohnW. Goslee

WMMARY

A free-flightinvestigationof tworocket-powered.controlresearch#
modelshasbeenconductedto determinetheforceandhir?e-momentcharac-
teristics,atzeroangle.of attack,of a half-deltatlpcontrolon a

* deltawing. Eachof themodelsconsistedof a cylirxlricalbody,with
ogivalnoseandtailsections,equippedwitha cruciformarrangementof
60cIaweptbackdeltawings,thewingpanelsinoneplanebeingequipped ..... ._=
withhalf-deltatipcontrols.

Data,obtainedat zeroangleof attack,srepresentedatvarious
Machnumbersasthevsriationwithcontroldeflectionof controlnormal-
forcecoefficient,controlnormal-force.chordwisecenter-of-pressure
location,andcontrolhinge-momentcoefficientforvarioushinge-line
locations.

Resultsshowthehalf-deltatipcontrolcouldbe sohingedthat ‘ ““-
verysmallhinge-momentcoeff’lcientsdueto controldeflectionwouldbe
obtainedovertheMachnumberrangefrom0.68to1.44. Abruptchanges
in controlnormal-forcecoefficient,chordwisecenter-of-pressurelocation,
andhinge-momentcoefficientoccurredbetweentheMachnumbersof0.9
and0.95. Thecontrolcenter-of-pressurelocationat smalldeflections
wasfoundtobe fairlyconstantat 58 to 59.5 percentcontrolrootchord;“
forsubsonicspeedsandat 65 to 66percentrootchordforsupersonic:J f-\
speeds.Controlnormal-forcecoefficientswerefrom5 to 15 percent
lessthanliftcoefficientscalculatedby lineartheory.
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INTRODUCTION

c

In continuationofa progrsmdesignedto determineforceandmoment
characteristicsofvariouscontrol-surfaceconfigurations(reference1),
a 60°sweptbackdeltawingwithhalf-deltatipcontrolswastestedin
freeflightthroughtheuseofrocket-poweredmodels.Thiswing-control
,configurationwaschosenbecauseof itsgoodrolling-effectivenesscharac-
teristics(reference2)andbecausethehingelineof.t.hecontrolcould
easilybe”locatedtoprovidegoodaeroiQmamic-bal.antecharacteristics.

.. Controlhingemomentswereobtainedforseveralhinge-linelocations
from58 to 6!3percentof thecontrolrootchordat zeroangleof attack
fora rangeof control.deflectionsof*lOoatMachnunibersfio’m0.68
to 1.44.Thesemomentdatawereusedtodeterminethemagnitudeand
chordwiselocationofthecontrolnormalforce.Theresultsarepresented
hereinandcomparedwithresultsfora plainflap-type-controlsurface
andwithlineartheory.
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SYMBOLS .-=

. .,-. .-..-—.s
—

?

wingspan,2.58 feet :-.,-. —.—--
whg mesmaerodynamicchord,1.49feet :

.,,.-—.e_
,.=

control-meanaerodynamicchord,4.62inches

controlrootchord,0.577foot =.

totalwingareainoneplane,2.89 sqme.feet ...=

areaofonecontrolsurface,0.0961 squarefoot
.--.— —

.=
5 deflectionofonecontrolsurface,degrees .-—

M Machnuuiber --

P massdensityof air,slugspercubicfoot
—

free-streamvelocity,feetpersecond
.

()

.-

,$dynamicpressure,poundspersquarefoot ~

.-

-G.

P air-viscositycoefficient,slugsperfoot-second

m .

——
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Ch

cNa

C.p.

.

.

()mReynolds~umber~

accelerationofgravity,32.2feetpersecondsquared

controlhingemomentabouthingeline,inch-pounds

()

Hcontrolhinge-momentcoefficient—
qsaEa

controlnormal-forcecoefficient

( )
Normalforceon controlsurface

qsa
MNa :

valueof — fairedbetween8 = *20,perdegree
,,

a~

centerofpressuremeasuredfrom

otal.aileronrollingmoment
qbS

averagedeflection

controlapex

perdegree(where5 isthe

ofbothcontrolsusedas ailerons)

MODELS

Theresearchvehicles(modelsA andB) usedinthisinvestigation
consistedof a cylindricalbody,withogivalnoseandtailsections,

—

equi.pxdwith’scruciformarrangementof 60°sweptbackdeltawings.
ModelB alsoincludeda canardsectionincorporatinga cruciformurange-
mentof nonmovable600 sweptbackdeltacanardfins. A drawingofthe
modelsshowingover-alldimensionsispresentedin figure1 andphotographs
ofthemodelsareshownin figure2; .

Thefollowinginformationappliestobothmodelsunlessotherwise”
specified.ThewingsInoneplanewereequippedwith600sweptbackhalf-
deltatipcontrols.Theratiooftotalcontrolareato totalexposed
wingsreainoneplane(includingcontrolarea)was1/9. Thewingpanels
hada modifiedhexagonalairfoilsection,themaximumthicknessratioof

. whichvariedfrcng2.32percentattherootchord(fuselagecenterline)
to 8.93 percentatthepartinglineof thewingandtipcontrol.The
tipcontrols,fastenedtotheoutbo=dendsof torquerods,hadmodified
double-wedgeairfoilsectionswitha constantratioof thicknessto chord
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of 3 percent.Thesecontrolsweremachinedfromsolid6teel.The
parting-linegapwas0.045inch.Figure3 is:asketchshowingthedetail
dimensionsofthewingandtipcontrol,Andfigurek isa photograph
of thewing-controlassembly(modelB).

ThenonmovablecanardfinsofmodelB, shownin detailin figure5,
were$- scalereproductionsoftheexposed”wiqgswhichwerenotequipped

withcontrol~;

INSTRUMENTATION

-—

-,

—

—

Eachof themodelswasequippedwithanNACAtelemeterwhichtrans-
mittedthefollowingflightdata: normalacceleration,staticandtotal
pressure,deflectionangleandhingemomentsofeachoftwotipcontrolsj
andangularrollingvelocity.

-.

A control-positionindicatorandbalancestomeasurecontrolhinge
momentswereconstructedasintegralpartsof,a.powerunitwhichwas
mountedintherearpartofthewingsectionqfeachmodel. ..

In additiontothismodelinstrumentation,radiosondesrecorded
atmosphericdataatallflightaltitudesshor@yafterthefirings. .

Flight-pathdatawereobtainedwitha radartrackingunftandC W Doppler
radarwasusedto determineinitialflightvelocities.Photographic
trackingwasalsoemployedtoobtainvisualrecordsof theflights.

..-

TECHNIQUE —- . —
.

Thetechniqueutilizedintheinvestigationconsistedofmechanically
pulsingthecontrolgasaileronsthroughouttheflightsothattheir
deflectionvariedsinusoidallywithtime. Thepulsingfreuencywas .

2approximatelyfourcyclespersecondandtheamplitude*1O. This
techniqueallowedthecontinuousmeasurernentofhingemomentson each
of thecontrolsforallcontrol”deflectionsovertheentireMachnumber
rangeofthetests. -.

Fromseparatemeasurementsof thehingemomentsabouteachofthe
hinge-linelocationsanda knowledgeof thechordwiselocationsofthe
hingelines,thelocationandmagnitudeofthecontrolnormalforcewas
determinedas shownin theappendix.Allhinge-momentdatawerecorrected
forinertiaeffectsof thecontrolandcontrollinkagecausedby the
pulsingmotionaswellastheloaddeflectioneffectsof thecontrol
linkage.

—

—
—

.

. .—
==
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Theresponseof themodelsto thesinusoidalcontrol~nputinvolved
motionabouttherollaxisonly(substantiatedby a normalaccelerometer
readingof approximatelyzeroobtainedat 8J1Machnuniberspresented).
Thus,angle-of-attackeffectsupontheresultswereconsiderednegligible
exceptfortheeffectoftheroll-inducedhelixangleatthecontrol,
whichis subsequentlydiscussedinthesectionon“ResultsandDiscussion.”

ACCURACY

Allcontrolnormal-forcedatapresentedintherepcrtweredetermined
fromhil?ge-momentmeasurements(seeappendix).“Thesemeasurementswere
obtaineddirectlyfromtelemetereddeflectionsof calibratedmoment
beams.Thesmallrandomerrorswhichexistedarebestindicatedby test
pointscatter.

Apartfromtheaccuracyofthemeasurementsisthe“repeatability”
factorwhichisan over-all.indicationofthepercentagedifferenceof
comparableresultsobtainedwithtwoormoresimilarmodels.It iS
estimatedthattherepeatabilityfactorforthepresenttestisa
maximumof approximatelyt10percentfortheforceandmomentcoeffi.
cients,whereasthechordwiselocationofthecontrolnormalforcewould
be reproducedwithinW percentof thecontrolrootchord.

Thevariationof
figure6 formodelsA

RESULTSANDDISCUSSION

ReynoldsnumberwithMach
andB.

numberispresentedin

Alldata~esentedin thereportwereobtainedduringdecelerated
flight(fromO to -3.5g) andat ;eroangleof attack..4;shownin
figure6,modelA resultsextendedflromsubsonicto supersonicspeeds
whilemodelB resultswereobtainedonlyinthesubsonicandtransonic
speedranges.AlthoughthesetestmodelsdifferedinlengthandmodelB
wasequippedwithfixedcanardfins,thecontrolmomentdataofthese
modelswerecombinedin theanalysisofthedata,sincethespanwise
locationofthecanardfins,beingconsiderablyinboardof thetip
controls,wouldminimizea~ wake-
Also,thedownwasheffectsof the
believedtobe verysmallbecause
inducedhelixangleat thecanard

--

effectsof thecanardsonthecontrols.
canardfinsonthecontrolswere
of thesmallvalue(0.40)of theroll-
tips.

— —
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CONTROLHINGEMOMENTS —
.:

stated,’’hingemomentsweremeasuredonfourindividual .“=
thesecontrolsdiff~ingonlyin thattheywere

pivotedaboutdifferentchordwisehinge-li~lo~ations.The-locations
areindicatedinfigure3(b),.Figure7 presentstb”measuredvariation
ofthesehingemoments(incoefficientfofi)with,controldeflection.””
Parts(a)and(b)of thisfigurerepresentdatafrommodelA flight
betweentheMachnwibersof0.675and1.435.Parts(c)and(d)pres&nt
datafrommodelB forMachnumbersbetween0.695andl.054.Thesedata
of figure7 arebasichinge-moment-coefficientd.ata.fromwhichtheinertia..
momentsandinertia-loadfrictioneffectsofthepulsingmotionaswell
astheloaddeflectioneffectsofthecontiollinkagehavebeenremoved.
Atfirstglance,,thesecurvesappearto havea noticeableamountoftest .
pointscatter.A closerexamination,however,showsthatthereare
actuallytwosetsof testpoints- onemeasuredwhilethecontrolwas
movingfromnegativetopositivedeflectionsandtheothermeasured.in
theadjacentpartof thecyclewhenthecontrolwasmovingfrompositive,
to negativedeflections.Forthepurp&e.of analysisof thehinge -
momentdata,these“hysteresis”loopswere-fairedto a singlecurvew~ch
bisectedthetwosetsof dataas seeninfigure7. This“hysteresisi’
effecthasbeenattributedtoa combinationofroll-inducedangleof
attackandadditionalfrictionduetoflightloads.In orderto remove
theroll-inducedangle-of-attackeffects,thecurves..offigure7 would
havetobe fairedthroughthedatapointsobtainedatzerorolling
velocity.Forthisinvestigation,therollresponseofthemodelswas
suchthattherollingvelocity’wasapproximatelyzeroatthemaximuni
controldeflections.Calculationsindicatethatthedifferenceinthe
resultsasobtainedfrombothcurve-fairingmethodsiswithintheexperi-
mentalaccuracyoftheinvestigation.The-effectsofadditionalfriction,
althoughnotdefinitelyknown,arebelievedtobe smallbecausethe .—
controlsweremountedinrollerandneedlebearings..

....-.

——
——.-

.- .—
=

--- ---

—-
—

““

—

.-

—

It shouldbe pointedoutthatthedirectionofrotationofthe
..-.

“~steresisloops”infigure7 isclockwiseinparts(a),(b),and(c) ‘,. .;
whileinpart(d)therotationiscounterclockwise.Thisobservation —
in conjunctionwithotherknownfactors.indicatesthatthecenterof._. 1“1
PressWeoftheroll-induced,angle-of-attackloadon thecontrolsis
between57.95 and64.o8 percentdontrolrootchord.“Thecontrolloads “- ‘:-
andmomentsduetothishelix-angleeffectjwerenotdeterminedbecauae .._..”.._ j=
of theirrelativelysmallmagnitudes.. ~ -_

.“.

A carefulinspectionof.thesehinge-momentdataalsoshowss~e —

datadisagreementatthebeginninganden@g ofthe-recordedcycles”
-.

(seepart(c)of fig.7 for M = O.$jOl),
=-

Thisdisa~eementisan-effect“.. ~
ofMachnumber,which..variedabout0.025o?erthecycle,andwasconsidered
inthefairingofthecurves. ,.- .—. .=
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Forpurposesof furtheranalysis,thehinge-momentdatawere
reducedto control-forcedatawhicharediscussed

CONTROLNORMALFORCE

inthefollowingsection.

--

Thevariationof controlnormal-forcecoefficienta~ chordwise
center-of-pressurelocationwithcontroldeflectionispresentedin
figures8 and9 forvariousMachnumbersbetween0.70and1.435.The
dataoffigure8 weredeterminedfroma leastsquaresanalysisof’the
fairedhinge-momentmeasurements(fromfig.7) of bothmodelsasexplained
intheappendix.Thedataof figure9 weredeterminedfromthefaired
hinge-momentmeasurements(fromfig.7) ofmodelA only(seeappendix).
Thevariationof controlnormal-forcecoefficientwithcontroldeflection
is seentobe fairly”linearforallMachnumberspresented.Thedashed
portionsofthecurvesoffigure8 representvaluesthatweredetermined
in theregionof higherpositivedeflectionswherethehinge-momentdata
,ofoneofthehingelineswereincomplete.Thesemoment
approximatedandcanbinedwithdatafromtheotherthree
yieldthevaluespresented.

8 Equallyas importantas themagnitudeofthenormal
determinationof hingemomentsisthechordwiselocation

valueswere
hingelinesto

forceinthe
ofthenormal

.
force.Thisinformation,presentedin figures8 and9 asa functionof
controldeflection,showsthecenter-of-pressure(c.T.)locationat
subsonicspeedstobe approximatelyconstantat58 to59.5~rcentroot
chordforlowdeflections.As thedeflectionwaschangedto *80the
centerofpressure’movedrearwardfrom1 to 2 percentrootchord.
At MachnumbersbetweenO.gOand0.95,thecenterofpressureabruptly
changedfromthesubsoniclocationto thelowsupersoniclocationof’64
to 65percentrootchord- thecenterofpressuremovingrearwardwith =
increasingpositiveandnegativedeflections.At supersonicMachnumbers
thecenter-of-pressurelocationwasfairlyconstantwithdeflectionat
65 to 66percentrootchord..

TheeffectofMachnumberon thecontrolnormal-forcedatais shown
in figure10: part(a)presentsthecenter-of-pressuredatafora
deflectionnear0° andfora deflectionof 8° andpart(b)theslopeof
thenormal-forcecoefficientsat lowdeflections.Here,thesolid
curvesrepresentvaluesobtainedfrcmfigure8 whicharetheresultsof
modelsA andB combinedby themethodof leastsqwes. Thecurves
labeled“ExtrapolationbasedonmodelA results”weredeterminedby
shiftingtheresultsofmodelA (takenfl?omfig.9)alongtheordinates
of thecurvesof figure10 soas toproducea continuousMachnumber
historyof thevariablesat M = 1.05,theMachnumberatwhichthetwo
reductionmethodsoverlap~d.Themagnitudeofthisshiftwasabout0.006
forthenormal-forcecoefficientand1/2percentrootchordforthe’

-mm
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center-of-pressuredata.Sincethemcxuentdataof.thefourindivid~l __
hingelinestestedwereconsideredofequal,accuracy,-theresultsobtained
by combiningthedataofbothmodels(fourhingelines)shouldbemore -

accurate&roma statisticalstandpointthanthosedeterminedbymodelA
alone(twohingelines).Therefore,theshiftingofthemodelA results__ _ -
alongtheordinatesin figure10to”a~eewiththecombinedresultsof _
bothmodelsat M = 1.05 isbelievedjustified.Shownforcomparison
infigure10sretheoreticalvaluesof thecontrolchordwisecenterof
pressureandcontrollift-curveslope.Thesevalueswerecalculatedfor ““-
thetipcontrolusedinthepresentinvestigationthroughtheuseof
lineartheory(reference3).

Figure10(a)showstheexperimentalvaluesof centerofpressure
tobe Ingoodagreementwith.lineartheorywhichpredictsa location
of2/3rootchordat supersonicMachnwnbers.Theprincipaleffectof
Machnuniberonthelocationofthecenterofpressureis seentobe the
ratherabruptrearwsrdshiftbetweentheMachnumbers_of0.9and0.95.
At thelargerdeflections,thisrearwardshiftismoregradualthanfor
thesmallerdeflections.ThisfacthelpseXplaintheasymmetricalvalues
of centerofpressurepresentedinfigure8.forsmalldeflectionsat
M = 0.90. Thesuddennesswithwhichthecenterofpressurechanged
locationwasof sucha degreethatthetestdata,recordedin cycles
of0.25-secondduration,showa differenceincen*er-of-Press~elocation.
withina portionofonecycle.Thevalues.ofcenter-~f-presstielocation
at thehigherdeflections,however,weremoresymmetricalbecauseof
thegradualshiftas showno: figure10(a).Thenesrlyconstantlocation
ofthecenterofpressureat subsonicspeeds(58to59.5percentroot
chord)andsupersonicspeeds(65to 66percentrootchord)isreadily
noticedin a plotof thistype.

Theabilityoflineartheorytopredictthenormal-force-coefficient
slope,(CN~)F,isillustratedin figure10(b).Here,theoreticalvalues .

arefrom5 to 15percentlargerthanmeasuredv~ues.-.~is resfitiS
tobe expectedbecausetheeffectsofviscosity,gapatthewingcontrol““
juncture,andairfoilthicknessarenotconsideredinthetheory.In
contrastto thenearlyconstantvalueof (C~b)Fobtainedat subsonic

speeds,thevalueof (CN~)Fincreasedabruptlyat a Machnumberof0.9
to a maximumvalueof (CN~)F= 0.048 at M = 0.975.~Thisvalueis
decreased30percentasMachnuniberincreasesfrom0.Z5 to 1.435. –

CALCULATEDEINGEMOMENTS

As a meansofillustratingtheeffects-ofvarioushinge-line
locationsonthehinge-momentdeflectioncharacteristicsofthecontrols

-

—

—

—. —
.-

.

.—

..
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—
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i

.
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reportedherein,figuren(a) waspreparedfromcalculationsinvolving
thedataoffigures8 and9 andthephysicalcharacteristicsofthe
control.Valuesof C#b sre.presentedasa functiondfMachnumber
forvarioushinge-linelocations,thecurvesbeingbasedon a deflection
of -5°andzeroangleof attack.It shouldbenotedthat Ch/b can
be calculatedsimilarlyformy chordwisehinge-linelocationand?o”r
a~ deflectionup to *lOo.Thevaluesof Ch/b fromthepresenttest
areseentobe verysmalloverthelargerangeofhinge-linelocations
andMachnumberspresented.Eachof thecurvesforthedifferenthinge
linesaresmoothovertheMachnumberrangepresentedexceptbetween
theMachnumbersofO.gOand0.g5wherethevaluesof “C#b abruptly
‘increasedin a negativedirection.Theeffectof chordwisehinge-line
locationon C@ is suchthatthevalueof C#5 is directlypropor-

.-

tionalto thechordwi.sedistancebetweenthehingelineandthecontrol
centerofpressure.Shownforcomparison,infiguren(a), arevalues
of C~8 fora hinge-linelocationof 63.5opercentcontrolrootchord
as obtainedfrompreviousrockettestresults(reference1) fora
configurationsimilarto-modelA ofthepresentinvestigation.Although
theMachnumbertrendof thesevaluescompes veryfavorablywiththe
trendof thepresenttestresults,thevaluesofreference1 areall
displacedalongthe C~5 axiswithrespectto thepresenttestresults.

●

Thisdisplacementisexplainedby thefactthatthecontrolsurface
usedinreference1 wasconstructedof duraluqin,whereasthec~ntrols

. of thepresenttestwereofheat-treatedsteel.Theduyalumincontrol,
beingabout3 timesaselasticasthe“steelcontrols,deflectedmore
underflightloads.Thisloaddeflectionwasaccompaniedby a forward
movementofthecontrolcenterofpressure.Themagnitudeofthe
differenceinmovementbetweenthecentersofpressureofthe3-percent-
thickduralandsteelcontrols(3to 4 percentcontrolrootchord)-agrees
verywellwithunpublishedresultsofan independentstaticloadingtest
of a similarcontrolof k-percentthicknesswherethedifferencein
movementwascalculatedtobe 2.64percentcontrolrootchordat M = 1.5.
Fromtheforegoing,it isapparentthatcontrolflexibilityshouldbe
consideredinthedesignof thincontrolswherea highdegreeof aero-
dYna@cbalanceis desired.

In an attempttoprovidea betterbasisforcomparisonof different
hinge-linelocations,the C~5 valuesof thepresenttest,figuren(a),
weremultipliedby standardsea-levelvaluesof dynamicpressure.This
resultedinvaluesof H/Sa“~ab a hinge-momentpa-meterproportional

.

to thephysicalcharacteristicsof thecontrolsurface.Thesevalues
arepresentedinfiguren(b) as a functionofhinge-linelocationand
Machnumber.Again,thecurvesarebasedon a deflectionof -50and
zeroangleof attack.As in figureU(a), positivevaluesindicate“the
controlis staticallyunstable.Conversely,negativevaluesdenote
positivestabilityofthecontrol-.
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Whentherequirementsofanypsrticulm.controlsystemareknown,
.—

theselectionof anoptimumhinge-linelocatlonisexpeditedwitha plot
ofthistype. Iftheuseofanautomaticcontrolsyst-emwithservo- .

controlunitsis considered,thesenseordirectionofthecontrol
momentsisnottooimportant.Themagnitudeofthemoment,however,

.

isveryimportantas itregulatesthespace.andweight.requirementsof
—.

theservosystem.Forusewitha servosystem,therefore,figure11(’b)
suggestsa hinge-linelocationof64percent-rootchordtoprovide
minimumcontrolmomentsdueto deflectionovertheMachnumberrange ~

.E

presented.If a humanpilotwithouttheuseof a boostercontrolsyst& ‘-- “
isconsidered,boththemagnitudeanddirect$onofthecontrolmoments —

areimportant.Thehinge-linelocation,chosentomeettheserequirements
by providingtheadequatecontrolstabilityIn combinationwithminim~

--

controlmoments,wouldbe locatedat approximately56percentroot
-,=

chord.Forthislocation,however,thelargevariationof controlmoments
&

overtheMachrang6wouldbe undesirabletothepilot.As animprove-
menttothissituation,themethodofspringloadingthecontrolsystem
canbe applied.Springloadingeffectivelyintroducesanartificial . j ~
stabili~effectintothecontrolsystem,th&valuesOf H/SaFa5
behg increasednegativelyaneqml amountatallMachnumbers.Line&
interpolationofthecurvesof figuren(b) showthata curvefora

.-

hinge-linelocation of approximately68percentchord,ifmovednegatively-” - “-
an appropriateamountalongthe H/FaSa8sc~le,WotiddlOW positive -.

control-systemstabilityatallMachiumibers~and a muchreduced“v~iation.
—

of controldeflectionmomentsover,theMachrange. -- -=

Inorderto indicatetheaerodynamicadvantagesofthewing-tip
aileronas comparedto a plainflap-typetra$ling.edge,..aileron,figure12 ___ ~,

ch/8
wasprepared.Valuesof — (aneffectivenesspmsiieterproportional _,.-cz~
to hingemomentperunitrollcontrol”effectiveness)ascalculatedfor-- ““
thewing-controlconfigurationofthepresentinvestigationandforthe
trailing-edgeplainflap-typecontrolofref4rence4, (installedon a —

wingof similarplanform)arepresentedas& functionofMachnumberfor
a deflectionof -50 at zeroangleof attack.”;Resultsareshownfor

—

hinge-line.locationsof60.00percentca,64.oop&cent Ca,and
—--

68.00percent
—

ca Torthewing-tipcontrol.In general,a minimum
ch/8 .----.-

magtitudeof — ismostdes&ableforautomaticrollstabilization““-Clb
c@

andcontrol.ThroughouttheMachrangetested,— valuesofthe
CZ5 —

Wing-tip controlforallhinge-linelocationspresentedareseentobe ~‘“”
smallas comparedtotheplainflap-typetrailing-edgecont??ol.As
previouslystatedin thediscussion,thecenterofpressureoftheroll-
inducedangle-of-attackloadsonthecontroljrasdeduced(fromthedata

—.
-..-.

—
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.

of figure7) tobebetween57.95and64.o8percentcontrolrootchord.
Thehinge-linelocationof0.60 Ca infigure12waschosen,therefore,
to illustratethefactthatthehingelinecouldbe locatedverynesr
thecenterofpressureoftheroll-inducedangle-of-attackloads(so
astominimizehelixangleeffectson controlmoments)andstillexhibit

*1 valuesof
ch/8
~“

ch/8
It shouldbe pointedoutthatthelargesupersonicvaluesof —

%s
forthetrailing-edgeflapresultedmainlyfromthelargevaluesof -
ch/6. Thesevaluescouldbe substantiallyre”ducedbymovingthehinge”
lineresrwardtoprovideaerodynamicbalance.However,forairfoils
lessthan7 percentthick,theextremelythinsectionsatthewingtrailing
edgemakeit difficultto hingethecontrolrearwardof its30percent
chord.

CONCLUDINGREMARKS

a
Thefollowingremarkshavebeenconcludedfromtheresultsof an

investigationat zeroang+eof attackbetweentheMachnumbersof0.68
. and1.44ofa 600sweptbackhalf-deltatipcontrolinstalledon a

600sweptbackdeltawing:

1.Valuesof C~b, asobtainedfortherangeofMachnumberstested
andforvsrioushinge-linelocations,arecomparativelysmallforthe
half-deltatipcontrol.

2.Theexperimentalnormal-forcevaluesofthehalf-deltacontrql
werefrom85 to 95percentoftheoreticalliftvaluescalculatedby
linearizedtheory.An abruptincreaseinnormalforceof 26 percent
occurredasMachnumberwasincreasedfromO.gOto 0.98. Thevariation

.-

of normalforcewithMachnumberwasgradualatallotherspeedstested.

3. Thechordwiselocationofthecontrolcenterofliftat small
deflectionsremainedfairlyconstantat58 to 59.5percentrootchord
forMachnumbersup to0.95andat 65to 66percentrootchordforsuper-
sonicMachnumbers.An abruptresrwardshiftin locationof thecenter
ofpressure,especiallyat lowdeflections,occurredbetweentheMach
numbersof0.90and0.95wherethecenterofpressuremovedfromthe
subsonictothesupersoniclocation.BetweentheMachnwbersof0.8

i and0.95,theeffectof deflectionon center-of-pressurelocationwas
mostpronounced(from1 to2&-percentresrwardshiftfora deflection
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increaseofk80).At allotherMachnumberspresented,thecenter-of-
pressurelocationwaschar@edabout1 percentrootchordforthesame
deflectionfncrease. +..—

4.Resultsindicatethehalf-’deltatipcontrolcanproducemore
..-. —

rollingeffectivenessperunit-hingemomentthantheplainflap-type
controlsurface. — .-

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LangleyField,Va.
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APPENDIX

REDUCTIONOFHINGE-MOMENTDATATO OBTAINMAGNITUDEAND

LOCATIONOl?CONTROLNORMAL-FORCECOEFFICIENT

13

CEORDWISE

As statedinthetextofthereport,hinge-momentdatawereobtained
fromeachof fourcontrolsurfaces.F@ure 3(b)showsthehinge-line
locationsin~rcentrootchordforeachofthefourcontrolstested.
Sincethecontiolswereof identicalconstruction,itwaspossibleto
assumethemagnitude,direction,andlocationof thenormal-forcecoeffi-
cient to be identicalforthefourcontrolswhencompsredatthesame
longitudinalcontroldeflectionad Machnumber.It shouldbe noted
herethatthisassumptionisnotentirelycorrect.Althoughoneofthe
controlswaslocatedwithrespect-tothewingsothattheleadingand
trailingedgeswerein linewiththeleadingandtrailingedgesofthe
wing(control2),theothercontrolswereslightlystaggeredwithrespect
to a normalin-linelocation.It isbelievedthattheeffectof the
staggeredcontrolprojectingforwsrdoftheleading edge ofthewing
wouldbe torelievetheloadonthatpartof thecontrolandmovethe
center-of-pressurerearward.However,themagnitudeofthisloadredis-
tributionisbelievedtobe verysmallforthe~esentinvestigationand
itseffectontheresultswasconsiderablyreducedby tkmleastsqysres
or curve-fittingmethodof analysis.It follows,therefore,thatfor
equaldeflectionsandMachnumbers,thehinge-nmnentcoefficientsof
thefourcontrolsaredirectlyproportionalto thechordwisedistances
betweentheirrespectivehinge-linelocationsandthecontrolcenters .
ofpressure.

ThefollowingdiscussionappliesbetweentheMachnumbersof0.695
and1.054wheredatawereobtainedfrombothmodelsA andB. Thedata
fromfigure7 wereplottedagainstMach,numberforthevariouscontrol
deflections,sothathinge-momentcoefficientsforeachof thefour
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controlsata givenlongitudinalcontroldeflectionandW.chnumbercould
beplottedagainstpercentrootchotias showninthefollowingfigure: .

-—

–c/)D_ –___–_–___L __ Leastsquares
___chc __-–––––– —– curve

–chB ~——— .—— ——

I
I B CD
I
I percentCa : -.

-.
.—

—

...
●

-
-. .-

whereA, B:C, andD arethechordwisehinge-linelocationsof thefour
COIItrOh, ~nd ~hA>%B, c%’ arerespectivehinge-momentand ChD

“+
coefficientsofthefourcontrolsat a givendeflectionand~ch number . ._

.....—

(determinedfroma crossplotofthedatafromfigure7 without-of-trim““
valuesremoved).

A straight-linecurve was thenfaired.betweenthedatapoints
throughtheuseof leastsquares.Theintersectiono~thiscurvewith
the Ch = ~ axisdeterminedthechordwiselocationofthecontrolcenter”
ofpressureandthecontrolnormal-forcecw:fficientwasequalto
two-thirdstheslopeofthefairedcurve.-: —

.-

Actually,intheanalysisofthe&ta thefairedstraight-line
.-

curveanditsslopeandinterceptweredeteiininedmthemtically- the
---

foregoingfigure~eingus@ onlyfor”ag2aplicalexplanation.
#
——

.
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BetweentheMachnumbersof 1.05and1.435,thedataofmodelA
wereusedinthesamemannertodeterminethecontrolnormalforceand
chordwisecenterofpressureshownin figure9. However,as datafor
onlytwo-hinge-linelocationswereavailableinthisinstance,a least

.

squaresapplicationwasunnecessary- theresultsbeingdetermined
mathematicallyby consideringthestraight-linecurvetopassdirectly

-.

throughthetwotest.points.
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